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Results from source rock analysis and sequence stratigraphy techniques suggest 
the lower Tyler Formation in McKenzie County, North Dakota is a deltaic dominated 
environmental system. There is a complex relationship between marine and terrestrial 
deposition. The source rock analysis performed on seven key wells showed a majority of 
the samples consist of type III terrestrial kerogen. Five of those wells also indicated a 
type II marine kerogen. The sequence stratigraphy techniques applied showed the three 
high gamma ray shales marked high stand system tracts. The two paleosol facies present 
in the lower Tyler Formation overlie marine shales suggesting rapid sea level changes 
during the Early Pennsylvanian period. Marine brachiopods and lacustrine ostracods 





The main objectives of this project are to determine the overall depositional 
environment of the Lower Tyler Formation (in McKenzie County, ND) and the kerogen 
type of the source rock beds in the Lower Tyler Formation of the Williston Basin. The 
secondary objective is to map out the three high gamma ray shales to show the lateral 
extent. The final objective is to determine a facies model for the study area. The lower 
Tyler Formation is the area of focus due to the fact that the three source rock beds are all 
contained in this interval.  
Hypothesis 
The depositional environment of the source rocks in the Tyler Formation is 
lacustrine (Maughan, 1984) and should therefore be type I kerogen. The sequence 
stratigraphy observed in the seven Lower Tyler Formation cores will be consistent with a 
lacustrine depositional setting.  
Tyler Formation Background Information 
The Williston Basin is the largest intracratonic basin in North America. The 
deepest potion of the basin contains more than 16,000 feet of sediment. The Tyler 
Formation is an important oil producing formation within this basin. This formation has a 
maximum average thickness of 82 feet (Murphy et al., 2009) and was deposited 320 
million years ago during the Mississippian to Early Pennsylvanian period (Ziebarth, 
2 
 
1962). The Tyler occurs directly above a major unconformity on the Big Snowy Group 
(Figure 1). The Tyler Formation can be divided into three zones; lower, middle, and 
upper zones. The depositional environment varies from  terrestrial to marginal marine to 
a continental shelf (Sturm, 1982; Maughan, 1984; Guerrero, 2012).  
The Tyler Formation is a self-sourced unit with at least one shale source rock in 
the northern portion and possibly two in the southern. Two potential sandstone reservoir 
beds have also been identified (Nesheim and Nordeng, 2014).  
 
Figure 1. Stratigraphic nomenclature of the Lower Tyler Formation in Central Montana 
(modified from Smith and Gilmour, 1979; Williams, 1983; Maughan, 1984) and Western 
North Dakota (modified from Sturm, 1983; Murphy et al., 2009). Figure taken with 
permission from Nesheim and Nordeng (2016). 
 
The Tyler Formation rocks across the Williston Basin record a long term single 
event of sea level transgression and regression (Gerhard and Anderson, 1988).  Ten 
cycles of transgressive events within the longer sea level change were described by 
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Barwis (1990). These cycles were driven by high frequency sea level oscillation. Three of 
the ten transgressive cycles created anoxic bottom water conditions in which organic 
matter was preserved. During the Pennsylvanian period glacial activity caused rapid sea 
level changes in North America (Heckle, 1994; Feldman et al, 2005). Both Heckle and 
Feldman recognized glacio-eustacy as a dominant control on sedimentation patterns and 
facies. The correlation of marine units overlying subaerial exposure surfaces is evidence 
for this eustatic control.  
Thermal maturity of the Tyler formation is reached at a depth of 8,000 to 9,000 
feet in central portion of the basin (Adair, 2014). Burial history plots indicate that the 
Tyler Formation entered the oil generation stage approximately 60 million years ago. A 
significant amount of basin subsidence and burial occurred in order for the Tyler 
Formation to reach its current depth (Anna, 2013, ch. 3; Dow, 1974).  
Literature Review 
Oil and gas ratios and hydrocarbon quantity are influenced by the molecular 
composition and quantity of the kerogen as determined by the depositional environment 
and source organisms. Source rocks are classified as laucustrine (I), marine (II), 
terrestrial (III), and inert (IV) (Tissot, 1970).  
Fossil Content. 
Quandt (1990) found large ostracod fossils in many of the shales and limestone 
beds. According to Grenda (1977), ostracods are the most abundant fossil present within 
the Tyler Formation. The ostracods that are found in the Tyler are said to have lived in 
fresh to brackish water. The three forms present are Candona, Gutschickidia, and 
Carbonita (Grenda, 1977). Weller (1957) said they point to a fresh water environment.  
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““Benson (1961, p. Q57) indicated that the genera Cypridopsis (Carbonita) and Candona 
were found associated with fresh-water animals and the habitat of Pennsylvanian 
age ostracode assemblages was one of "shallow ponds, coal-forming swamps, and 
sluggish streams." Calver (196Sb,p. 13) reported the presence of Geisina (another 
Tyler genus) in his "Estheria" facies and felt that the genus lived in a transitional 
belt"… where brackish conditions existed between the swamps and the sea."” 
(Grenda, 1977) 
Type I Kerogen. 
Type I kerogen is largely composed of the most hydrogen-rich organic matter 
preserved in the rock record. This kerogen type is primarily concentrated where there is 
low energy transport and mainly pelagic conditions exist (Jacobson, 1991). Upon 
maturation, type I kerogen is strongly prone to produce liquid petroleum (oil) rather than 
gas (Longbottom et al., 2016). Type I kerogen also produces oils with a rich paraffin 
content in many cases (Hedberg, 1968).  
Paraffin Content. 
High wax content or high paraffin content can be linked to a specific environment 
of deposition or the organic matter the oil was derived from. High wax crudes are thought 
to be restricted to a specific stratigraphic sequence or region. The sequences have a few 
things in common such as a sandstone-shale lithology, a stratigraphic age from the 
Devonian to the Pliocene, and a non-marine origin or an origin with less than normal 
marine water salinity. According to Hedberg (1968), high paraffin content seems to be 
characteristic of oils that come from fresh or brackish waters (Hedberg, 1968). The Green 
River Formation in the Uinta Basin generated a type I kerogen of lacustrine origin 
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(Tuttle, 1973) and has high paraffin content (Hedberg, 1968). The paraffin content of the 
Tyler Formation has been determined to be approximately 25 percent and this would be 
considered to be high paraffin/wax oil content (S. Nordeng 2017, personal 
communication).  
Area of Study 
The area of focus in this study is McKenzie County, North Dakota (Figure 2). 
Seven wells were used for sampling and analysis and 361 other wells were used during 
the mapping portion of the project (Figure 3). The appendix has a full list of the seven 
key wells full names, locations, and other relevant information. One structural feature in 
McKenzie County is the Red Wing Creek Impact Crater (Figure 4). It is located 22.3 
miles east of the North Dakota- Montana state boundary line. The structure is 
approximately 5.5 miles in diameter and buried at a depth of 6562 feet below the surface 
(Koeberl, 1996). The southern portion of the Nesson Anticline is also present in the 
northeast corner of McKenzie County (Figure 4). 
 




Figure 3. Map showing the seven key wells (solid circles) and the 361 other wells (open 
circles) used in this study. 
 
Figure 4. Structure map of the Tyler Formation. Red Wing Creek Impact Crater (red 






This study used 7 cores and 361 wells with geophysical logs all located in 
McKenzie County, North Dakota (Figure 2). All cores and logs were provided by the 
North Dakota Geological Survey Wilson M. Laird Core and Sample Library in Grand 
Forks, North Dakota. The purpose of this study is to analyze and characterize the kerogen 
type of the source rock beds in the lower Tyler Formation. The seven Tyler cores were 
examined for lithology, sedimentary structures, grain size and fossils. They were also 
sampled for Rock Eval pyrolysis and total organic carbon (TOC) analysis. Each core was 
depth registered to the geophysical log (Passey, 1990).  
The Passey Method was used in four wells in order to identify the organic rich 
zones in the Lower Tyler Formation. The wells that the Passey method was performed on 
were the Pasadena 1-11H, the Curl 23-14, O’neil Creek Federal 11-11, and the Morison 
1-14-H.  Non-organic zones above and below the organic intervals were also sampled. 
The remaining three wells were sampled at one foot intervals every one foot of the core 




  The Rock Eval Pyrolysis (McCarthy et al, 2011) method was used to determine 
the kerogen type of the Lower Tyler Formation (Figure 4). University of North Dakota’s 
Weatherford Source Rock Analyzer (SRA) at the Wilson M. Laird Core and Sample 
Library was used to evaluate the amount of oxygen bonded carbon and hydrogen bonded 
carbon that are present in the core samples of the Tyler Formation. The Rock Eval 
Pyrolysis method heats the rock sample for 3 minutes at 300 degrees Celsius as the 
machine monitors the total number of hydrocarbons released as a function of 
temperature. At lower temperatures, volatile hydrocarbons already present in the rock are 
released. This process is represented by S1 (Figure 5). At higher temperatures the kerogen 
breaks down to hydrocarbon is released from the rock sample. This mass is known as S2 
and is expressed as mg HC/g sample (Nunez-Betelu, 1994). The hydrogen content of a 
source rock can be indirectly measured using Rock-Eval Pyrolysis to determine the S2 
value.  
Total organic content (TOC) and S2 represent the amount of organic matter that is 
present and what amount of hydrogen is associated with the organic matter. According to 
Dembicki (2009), rocks with consistently higher S2 values are more likely to be a better 
quality source rock and thus generate more hydrocarbon. This method of estimating the 
organic composition is the foundation for predicting the type of petroleum product that 




Figure 5. shows the effect of pyrolysis on organic matter during heating (Sample 9 from 
Curl 23-14). Y-axis represents temperature in degrees Celsius. X-axis represents time in 
minutes. 
Source rock maturity also plays an important role in the presence of 
hydrocarbons. Vitrinite Reflectance (Ro) can be used as an indicator for the level of 
organic maturity for a source rock. Ro values greater than .78 represent gas prone source 
rocks whereas Ro values between .60 and .78 indicates oil prone source rocks. Tmax is 
another indicator for source rock maturity. The Tmax occurs at the peak of the S2 and is 
the temperature at which the maximum number of hydrocarbons are released from the 
cracking of kerogen through the pyrolysis process. A Tmax = 400° between 430°C 
represents an immature source rock, Tmax = 435° between 450°C represents mature source 
rock or oil prone, and a Tmax greater than 450°C indicates an over mature source rock. As 
the source rock becomes over mature, the S2 value will decrease due to a decrease in 
TOC and hydrogen content that occurs as a source rock becomes exhausted after 
hydrocarbons have been released to the surrounding rock. The Production Index (PI) is 
derived from the S1 and S2 stages of pyrolysis (S1/(S1+S2)).  The PI value increases as 
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source rock maturity increases (McCarthy, 2011). Graphs that plot Tmax calculated from 
% Ro versus PI were created to assess maturity in terms of the oil and gas window of a 
source rock.  
Source Rock Type. 
A source rock’s kerogen type and thermal maturity will determine the type of 
hydrocarbon generated (Table 1). With the Rock-Eval pyrolysis a hydrogen index (HI) 
and an oxygen index (OI) can be derived. These values are similar to the H/C atomic 
ratios O/C atomic ratios respectively. The hydrogen index (mg HC/g TOC) represents the 
amount of hydrogen present in a sample relative to the amount of organic carbon in the 
same sample. The oxygen index (mg CO2/g TOC) represents the amount of oxygen 
relative to the amount of organic carbon in the sample. The HI and OI are plotted on a 
pseudo Van Krevelen Diagram. This diagram can be used to define kerogen into one of 
the four types of kerogen (Dembicki, 2009). 
Table 1. Chart Showing the Relationship between Depositional Environment, Kerogen 






Geophysical logs were used in order to map out the regional and lateral extents of 
source rock beds in the lower Tyler Formation in McKenzie County, ND. Approximately 
eight facies units were established to provide a better understanding of the stratigraphic 
cycles that were taking place during the time of Tyler Formation deposition. Dissertation 
data by Grenda (1977)  was included in this study. His research looked at two common 
key wells as this study (U.S.A. A 1 and Govt Mary Pace 1) which allows for additional 
information to be. Grenda (1977) did a major study of the fauna found in the Tyler 
Formation. He concluded that the fauna suggested various environments and water 
salinity were present during the Early Pennsylvanian Period. The different fossil 
assemblages were used to help gain a better understanding of the depositional 
environment of the Tyler Formation in the study area.  
Isopach Mapping 
IHS Petra geological software was utilized to create isopach maps. 368 wells 
located in McKenzie county, North Dakota were loaded into the software. Various cross 
sections with geophysical logs were created in order to pick geological tops. The Tyler 
Formation top was picked using the geophysical characteristics laid out by Nesheim and 
Nordeng (2016). The top and base of each of the three high gamma ray (HGR) shales were 
also picked. These shales have a gamma ray signature of 175 to 200+ API. The resistivity 
on the logs can reach up to 2000 ohms/meter. With the tops and bases established for the 
lower, middle, and upper shale zones the isopach map grid function was used to create the 





The seven key wells sample results were assessed using the Pseudo Van Krevelen 
diagram. The samples plotted in all four types. A majority of the samples plotted as a 
type IV inert kerogen. Type III kerogen was the second most sampled type. Tables 2 and 
3 were used to evaluate the source rock richness of the seven key wells. The source rock 
richness varied from poor to very good. 
O’neil Creek Federal 11-11 (#20418) 
The O’neil Creek Federal 11-11 core was sampled 10 times (Figure 6). The Rock 
Eval Pyrolysis results showed poor results in terms of source rock richness. The average 
TOC value for the samples was 0.53 which is classified as poor on a table that assesses 
source rock richness based on TOC content (Table 2).  The average Tmax value was 
321.3 ℃.  On the Pseudo Van Krevelen diagram (Figure 14) only two of the ten samples 
plot. One plotted as a type IV inert kerogen and the other plotted close to the type IV line 
but falls within the type III marine kerogen range.  
Govt Mary Pace 1 (#2667) 
The Govt Mary Pace core was sampled 30 times in the depths ranging from 8153 
to 8183 feet (Figure 7). Twenty three of the thirty samples appear to be Type IV kerogen 
(Table 4). Four samples appear to be a Type I kerogen and only one indicates a Type III. 
The Tmax values ranged from 331 to 442 ℃ with an average value of 428 ℃. The 
average TOC value for the Govt Mary Pace well was 3.5 mg HC which is seen as a very 
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good source rock indicator (Table 2). This well’s samples plot as Type II, III, and IV on 
the Pseudo Van Krevelen diagram (Figure 17).  
Key Wells  
 
Figure 6. Key well log of the Tyler Formation with illustrated core lithology from 
McKenzie County, North Dakota. Symbol explanation and core lithology is shown on 





Pasadena 1-11H (#21148) 
Nineteen samples were collected from the Pasadena 1-11H well (Figure 8). The 
S2 values were on the high side with the average being 24.03 mg HC which would 
indicate a Type I kerogen (Table 4). The average Tmax value is 432.1 ℃. The TOC 
values for this well were very high ranging from 1.96% to 29.3% with the average being 
11.6%. The Pasadena well’s source rocks would be classified as very good (Table 2).  On 
the Pseudo Van Krevelen diagram the samples plot Type II, III, and IV (Figure 15).  
Curl 23-14 (#16581) 
Thirty-one samples were collected from the Curl 23-14 well from a depth of 8186 
to 8272 feet (Figure 9). The average Tmax was calculated to be 407 ℃ and the average 
TOC value 5.51%. The TOC content average would be classified as a very good source 
rock (Figure 2). The S2 value average was 14.39 mg HC which would be classified as a 
type II kerogen (Table 4). When looking at the OI vs HI values plotted on the Pseudo 
Van Krevelen diagram four samples plot as type II and the rest plot as Type IV (Figure 
16).    
U.S.A. A 1 (#2723) 
The U.S.A. A 1 core was sampled 24 times over a 33 foot interval from the depth 
of 8082 to 8105 feet (Figure 10). This well’s results indicated poor source rock richness. 
The average S2 value was 0.62 mg HC which would indicate a type IV inert kerogen 
overall and a poor source rock (Table 3 and 4). Only four samples would be classified as 
a type III kerogen. The TOC average was also low at 1.03% and would be classified as a 
fair source rock (Table 2). When plotting the data on a Pseudo Van Krevelen diagram 
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only a few samples plot as type III and the 21 others plot as a type IV kerogen (Figure 
18).  
Morison 1-14H (#22104) 
Thirty-nine samples were taken from the Morison 1-14H core from a depth of 
8518 to 8651 feet (Figure 11). The S2 values indicate mainly type I, III, and IV (Table 9). 
The average S2 value was 21.2 mg HC. The average TOC value was measured to be 7.6% 
indicates a very good source rock (Table 8). The Tmax average is 428 ℃. On the Pseudo 
Van Krevelen diagram the samples of the Morison well plot as all four types (Figure 19). 
Only one sample plots as a type I and the remainder are evenly distributed between Type 
II - IV. 
W. Quale 1 (#3167) 
The W. Quale 1 well was sampled 67 times (Figure 12). The S2 values are very 
low and fell mainly into a Type IV  poor kerogen range (Table 3 and 4). The Pseudo Van 
Krevelen diagram shows the samples as Type IV with only three samples being Type III 
and only one sample as Type II (Figure 20). The average Tmax value is 393 ℃. The 






Figure 7. Key well log of the Tyler Formation with illustrated core lithology from 
McKenzie County, North Dakota. Symbol explanation and core lithology is shown on 






Figure 8. Key well log of the Tyler Formation with illustrated core lithology from 
McKenzie County, North Dakota. Symbol explanation and core lithology is shown on 





Figure 9. Key well log of the Tyler Formation with illustrated core lithology from 
McKenzie County, North Dako2ta. Symbol explanation and core lithology is shown on 






Figure 10. Key well log of the Tyler Formation with illustrated core lithology from 
McKenzie County, North Dakota. Symbol explanation and core lithology is shown on 






Figure 11. Key well log of the Tyler Formation with illustrated core lithology from 
McKenzie County, North Dakota. Symbol explanation and core lithology is shown on 






Figure 12. Key well log of the Tyler Formation with illustrated core lithology from 
McKenzie County, North Dakota. Symbol explanation and core lithology is shown on 




Figure 13. Lithology and symbol explanation for the seven key wells stratigraphy 





Figure 14. Pseudo Van Krevelen plot of hydrogen index (HI) versus oxygen index (OI) 




Figure 15. Pseudo Van Krevelen plot of hydrogen index (HI) versus oxygen index (OI) 





Figure 16. Pseudo Van Krevelen plot of hydrogen index (HI) versus oxygen index (OI) 





Figure 17. Pseudo Van Krevelen plot of hydrogen index (HI) versus oxygen index (OI) 






Figure 18. Pseudo Van Krevelen plot of hydrogen index (HI) versus oxygen index (OI) 
for the U.S.A. A 1 data. 
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Figure 19. Pseudo Van Krevelen plot of hydrogen index (HI) versus oxygen index (OI) 





Figure 20. Pseudo Van Krevelen plot of hydrogen index (HI) versus oxygen index (OI) 





















In order to assess the maturity of the seven key wells several graphs were created. 
A graph plots % Ro verses the production index (PI) shows the maturity level and the 
petroleum window the kerogen is within (Figure 21-26). When looking at all seven wells 
a majority of the data points fall within the oil generation window. Only 12 samples are 
plotting as an immature source rock. Another graph modified from Dembicki (2009) 
plots TOC (weight %) versus the S2 (mg HC/g sample). This graph is used to assess the 
quality of the source rock ranging from Poor to Excellent (Figure 27).  Approximately 
20% of the data plot in the poor to fair range. A majority of the data, about 60% is shown 
in the Good area and the other 20% plot as an Excellent petroleum source rock. The 
U.S.A. A 1 well and the O’neil Creek Federal 11-11 well do not have any rock with a 
Good to Excellent quality rating.  
 
Figure 21. Diagram showing the kerogen conversion into thermal maturity for the Govt 




Figure 22.  Diagram showing the kerogen conversion into thermal maturity for the 
Pasadena 1-11H data collected in this study. 
 
Figure 23, Diagram showing the kerogen conversion into thermal maturity for the Curl 




Figure 24. Diagram showing the kerogen conversion into thermal maturity for the U.S.A. 
A 1 data collected in this study. 
 
Figure 25. Diagram showing the kerogen conversion into thermal maturity for the 




Figure 26. Diagram showing the kerogen conversion into thermal maturity for the W. 
Quale 1data collected in this study.  
 
Figure 27. Organic Richness plot of the seven key Tyler Formation wells in McKenzie, 




Stratigraphic columns were constructed for each of the seven key wells. The 
lithologies observed in each of the wells were used to help better understand the facies 
within the lower Tyler Formation. The lithologies consisted of shale, limestone, coal and 
paleosol.  
Upper HGR Shale Unit. 
A fissile shale unit. This shale color varied from a dark gray to black. Brachiopod 
fossils not commonly found in this shale. This is considered to be the upper source rock 
in the Lower Tyler Formation. 
Limestone Unit. 
This limestone unit is not present in every core observed. It was observed in the 
Curl and the Morison wells. The color varied from light to dark gray. Brachiopods were 
abundantly present in this facies. The limestone was in some cases interbedded with thin 
gray mud streaks.  
Shale Unit. 
Where the limestone unit was not present the shale unit was. It was commonly 
filled with brachiopod fossils and at times woody plant fragments (W. Quale well). The 
color was light to dark gray. Interbedded mud streaks were a common feature as well. 
Middle HGR Shale Unit. 
This is a fissile black shale unit. The middle source rock typically contained 
brachiopod fossils. In the Pasadena 1-14-H well the middle source rock was interbedded 
with coal seams and also had a thin coal seam at the base (Figure 30.C). This unit was 
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commonly interbedded with a thick dark gray shale. This was only visible in the core. No 
break in the gamma ray or resistivity curve was present.  
 
Figure 28. A) shows the Morison 1-14-H (#22104) middle HGR Shale ( 8634.5-8635.2 
feet)  B) Zoomed in on the coal seam in the middle of the source rock.   
Paleosol Units. 
At least two paleosol units are present in the key wells. The paleosol facies 
appeared in all key wells except for the Pasadena 1-14-H and the Govt Mary Pace #1. 
This unit generally was deposited before the lower HGR shale and then again before the 
middle HGR shale unit. The colors of the paleosol are highly varied. One variety is a 
mottled mudstone with purple, maroon, and mustard yellow. The other variety is light to 
dark gray with mud clasts (Figure 29). Slickensides are a common feature within the 
paleosol units. They also reacted with acid in some sections. Plant and woody matter was 




Figure 29. A) Curl Well (#16581): Light gray paleosol with mud clast inclusions (8262 
feet)  B) W. Quale (#3167): Mottled paleosol (7377 feet)  C) Morison 1-14-H (#22104): 
Light gray paleosol (8633.5 feet) Letters in right hand corner of pictures. 
Lower HGR Shale Unit. 
The lower HGR Shale unit is a black fissile shale. Brachiopod fossils were usually 
present in the key wells. This unit was also found to have a thin coal seam at the base in 




Figure 30. A.) W. Quale (#3167) well: Lower HGR Shale (7380 feet)  B.) Curl (#16581) 
well: Middle HGR Shale (8235 feet)  C.) Pasadena 1-11H (#22104): Middle HGR Shale 











Cross Sections  
 
Figure 31. Cross section showing all seven key wells’ stratigraphy flattened on the Tyler 





Figure 32. Map showing the cross sectional line of the seven key wells for Figure 31. SW 
to NE: O’neil Creek Federal, U.S.A. A 1, Govt Mary Pace 1, Curl 23-14, Morison 1-14-





Figure 33. W-E  A to A’ cross section showing the Tyler Formation and the high gamma 
ray zones with geophysical logs. Map showing cross sectional line in blue in the right 




Figure 34. W-E  B to B’ cross section showing the Tyler Formation and the high gamma 
ray zones with geophysical logs. Map showing cross sectional line in blue in the right 




Figure 35. W-E  C to C’ cross section showing the Tyler Formation and the high gamma 
ray zones with geophysical logs. Map showing cross sectional line in blue in the right 




Figure 36. N-S  D to D’ cross section showing the Tyler Formation and the high gamma 
ray zones with geophysical logs. Map showing cross sectional line in blue in the right 




Source Rock Core and Log Analysis 
 The Tyler Formation in McKenzie County has some of the highest gamma ray 
and resistivity signatures for shale beds in the entire Williston Basin (Nordeng and 
Nesheim, 2012). Three moderate to high gamma ray shale beds were identified in this 
study (Figure 31) Out of the seven key wells, four of the wells, the Pasadena 1-11H, Curl 
23-14, Morison 1-14-H, and W. Quale 1, three high gamma ray source rock beds were 
observed in both the core and the log. In core the upper shale bed tended to be the most 
obscure. The color ranged from light gray to dark gray and was fairly massive. This is 
generally the thickest bed ranging from about 6 to 8 feet. The middle shale was dark gray 
to black. This source rock was typically interbedded with a lighter gray shale and a thin 
coal seam at the base. This was observed in the Morison and the Pasadena wells (Figures 
28 and 30). The thickness ranged from about 4 to 6 feet. The lower most source rock bed 
was black. In the Pasadena 1-14-H well the shale bed was interbedded with coal and had 
a thin coal layer at the base. This was consistently the thinnest source rock bed of the 
three observed in both core and in geophysical logs. The thickness ranged from 2 to 3 
feet. Several cross sections were constructed north to south and east to west (Figures 33-
36). These cross sections map out the three high gamma ray (HGR) shales, upper middle, 
and lower. They show lateral continuity that the HGR shales exhibit as well as constant 
thickness across McKenzie County. A cross section with all seven key wells was also 
constructed (Figure 31). This shows which wells contain the high gamma ray shale units. 
Tyler Formation Isopach Maps 
Three isopach maps were generated using Petra to show the thickness of each of 
the high gamma ray source rock beds (Figures 38-40). The upper shale isopach map 
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shows the source rock is thickest in the middle of McKenzie County trending northwest 
to south-southeast. The thinnest area is in the southwest corner. The thickness is the most 
varied; it ranges anywhere from 2 feet to 20 feet. The average thickness of the upper 
shale bed was observed to be about 12 to 16 feet. The middle shale isopach maps shows 
the thickness ranges from 4 to 16 feet with the average thickness being about 8-9 feet. 
The thickest beds lie in the northeast corner of McKenzie County, ND. The lower isopach 
map thickness ranges from 2 to 8 feet. It is the thinnest of the three source rock beds, but 
the thickest beds are located in the northeast portion of the county. These maps show the 
three cycles of source rock deposition were widespread and laterally continuous over 
McKenzie County.  
 
Figure 37. Isopach map showing the thickness of the Tyler Formation in McKenzie 




Figure 38. Isopach map showing the thickness of the Upper Shale zone in the Tyler 





Figure 39. Isopach map showing the thickness of the Middle Shale zone in the Tyler 




Figure 40. Isopach map showing the thickness of the Lower Shale zone in the Tyler 






Rock Eval Pyrolysis Data 
The Pseudo Van-Krevelen diagrams help to classify each sample in terms of a 
kerogen type. The kerogen type can then be linked to a depositional environment. Type I 
kerogen is lacustrine, type II is marine, type III is terrestrial and type IV is inert/dead 
kerogen (Longbottom et al., 2016).  
Only two of the ten samples from the O’neil Creek Federal 11-11 well produced 
valid results (Figure 14). The one sample that plots indicates a terrestrial depositional 
environment.  The other samples shows the kerogen is dead/inert. The Govt Mary Pace 1 
well indicates a marine environment (Figure 15). However, a majority of the samples 
were type IV kerogen which can be explained by the fact that only one source rock was 
present in the core and the rest of the samples were non-organic rich rocks (Figure 7 and 
15). The Pasadena 1-11H samples were a majority of type III kerogen (Figure 16). This 
indicates that the depositional environment of this well would be terrestrial. There are 
also a few samples that show a type II kerogen which means marine matter was present in 
a minor quantity. The Curl 23-14 well produced very similar results as the Pasadena 1-
11H well. The samples point mainly to a marine environment but there is minor influence 
from a terrestrial source (Figure 17). Both these wells show the presence of inert kerogen 
which means at the time of maturity no hydrocarbon product was produced. The U.S.A. 
A 1 well only plots as type III and IV (Figure 18). The depositional environment of this 
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well as indicated by the Pseudo Van-Krevelen diagram is terrestrial. This is further 
supported by the presence of plant fragments found by Grenda (1977) in the U.S.A. A 1 
well (Table 6). The Morison 1-14H well produced the most varied results. The samples 
indicate a mixture of samples of all four kerogen types (Figure 19). The type I kerogen 
points are the samples labeled as coal in the appendix. Coal samples tested using the 
Rock Eval pyrolysis method generally plot as a type III kerogen. However, cannel coals 
and boghead coals can contain type I and II kerogen and are oil prone. (Peters and Cassa, 
1994). This would indicate a lacustrine depositional environment. These samples need 
further research to understand if these coal seams in the middle and lower HGR shales 
are actually true coals or if they are boghead coals. This well also indicates marine and 
terrestrial environments. The W. Quale well does not give a very good indication as to 
the environment due to the fact only one sample yielded a kerogen type that was not type 
IV (Figure 20). The one data point is linked to a marine environment. Overall the wells 
indicate a marine environment with a small amount of terrestrial influence. Other than the 
type I coals in the Morison 1-14H well, no samples produced results indicating a 
lacustrine environment as the hypothesis predicted.  
Source rocks generally do not contain only one type of kerogen. Kerogen mixing 
is very common and poses difficulties when trying to interpret results on the Pseudo Van 
Krevelen Diagram. For example when a source rock contains 75% type I and 25% type 
III the sample will look like a type II kerogen (Dembicki, 2009) . Due to this problem 
further analysis of seven key wells was conducted to help get a better understanding of 





  The wells that were used in the study exhibit very similar log characteristics in 
both the gamma ray and resistivity which indicates continuous deposition of the three 
high gamma ray shales across McKenzie County. The thickness of each of the source 
rocks also remains fairly constant as exhibited by the cross sections created (Figures 33-
36). The geophysical log signatures of the source rocks are very recognizable due to the 
fact that they show a high gamma ray signature of 175+ API and the resistivity will spike 




Figure 41. Type log showing the idealized zones that were identified during this study; 
Tyler Formation top, Upper high gamma ray shale, Middle high gamma ray shale, Lower 
gamma ray shale, and Big Snowy top. 
Facies Analysis 
 The seven key wells lithology descriptions from core analysis were used to create 
an idealized stratigraphic column (Figure 42) for the Lower Tyler Formation in 
McKenzie County, North Dakota. The idealized stratigraphic column was not constructed 
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by any one well, but is a combination of multiple wells’ facies. It was created to help 
better understand the facies changes that occurred during Tyler Formation deposition.  
 
Figure 42. Idealized stratigraphic column for the Lower Tyler Formation created from the 
lithologies of the seven key wells used in this study. 
Facies Descriptions 
Three High Gamma Ray (HGR) Shales. 
The  three HGR shales in this package are consistently and evenly distributed 
throughout McKenzie County. These shales are interpreted to be shallow offshore marine 
shale deposits. This interpretation was made due to the presence of brachiopod fossils in 
a majority of the shale units in the seven key wells. These HGR shales probably mark a 
highstand systems tract. A rise in sea level would allow for accommodation space to 
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deposit the shales. The rise in sea level would explain how a shallow to deep marine 
deposit can overlie a terrestrial paleosol unit.   
Paleosol Unit. 
A paleosol is a soil that formed on an ancient landscape. These soils form from 
chemical, physical, and biological change of rock or loose sediments aerial exposure at 
the earth surface. Paleosols form in various continental depositional settings such as 
deltaic, eolian, and marginal marine. Marginal marine strata can include paleosols if sea 
level dropped and the rocks were exposed to the surface (Maugan, 1984). The Lower 
Tyler formation has at least two notable paleosol units that occur above or below a source 
rock unit (Figure 29). This would suggest that sea level changes dropped from open 
marine setting to an exposed surface in order to form the paleosols. The paleosol units are 
interpreted to be an eroded unconformity marking the lowstand system tract.   
Fossil Analysis 
 During core observation various brachiopod fossils were found in all seven key 
cores. The brachiopod fossils were located within the gray to black fissile shales, source 
rocks and the limestone beds. Pictures of the brachiopods were taken from the cores of 
the  U.S.A. A. 1 ( #2723) and the W. Quale 1 (#3167) wells (Figure 43). Plant fragments 
were also observed in W. Quale, 1, U.S.A. A. 1 and Curl wells. Ostracod shells were 
found in the Pasadena 1-11-H well . A literature review was done with James C. 
Grenda’s (1977) doctoral dissertation in order to better understand the depositional 
environment of the fossils found in the Lower Tyler Formation of McKenzie County, 
ND. Grenda identified fossils from the Govt Mary Pace 1 and U.S.A. A 1, both of which 
were used in this study. In these two wells he identified over 20 fossil types (Table 5 and 
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6). Many fossils found in the paper were unable to be linked to a depositional 
environment. However, the fossils that were linked to an environment show the fossils 
lived in a marine or deltaic setting. Only the Carbonita ostracod was linked to a non-
marine setting. The Carbonita ostrocod was found in fresh to brackish waters (Swain, 
1999). The non-marine bivalves indicate there was an increase in sea level with an influx 
of brackish waters from a surrounding swamp area or the species adapted to a lesser 
saline environment of the coastal swamps. Grenda identified five fossil communities. The 
Lingula Community, Eolissochonetes Community and Terrestrial Community were all 
observed in the McKenzie County wells (Grenda, 1977). This suggests that the 
depositional environment of the Lower Tyler Formation took place in a setting with both 

















































































Table 6. Fossils Identified by Grenda within the U.S.A. A 1 Well and the Environment 




Figure 43. Brachiopod fossils photographed underneath a microscope A) U.S.A. A 1 





The following results of this study for the Lower Tyler Formation in McKenzie 
County, North Dakota have been reached: 
1) Hypothesis stating the lower Tyler Formation kerogen type would be 
exclusively Type 1 (lacustrine depositional environment) was incorrect, but 
there are source rock beds that are Type I kerogen within Mckenzie County, 
North Dakota. 
2) There is a complex facies relationship between marine and nonmarine 
deposition that occurred during the Pennsylvanian time period. A modern day 
setting of the Mississippi River delta could be suggested as a model. The 
intermingling of marine, nonmarine and brackish waters as well as the 
sedimentation of both carbonate and clastic material support this. The Source 
Rock Analysis data collected indicates the area was largely terrestrial with  
marine inputs. Out of the seven key wells observed in the study five showed 
type II marine kerogen present.  Five wells indicated a Type III terrestrial 
kerogen.  
3) The three high gamma ray shales are excellent marker beds within the Lower 
Tyler Formation in both core and geophysical logs. These shales can be mapped 
across a large area due to the distinctive log characteristics of the 175+ API of 
Gamma Ray and the spike in the resistivity of the source beds. The HGR shales 
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are laterally consistent. This indicates that the depositional environment was 
widespread in McKenzie County.   
4) The presence of the paleosols directly above and below the source rocks 
indicate cycles of sea level rise and fall. This is consistent with the glaciation 
that occurred during the Late Pennsylvanian period (Feldman et al, 2005) 
5) The coal beds sampled in this study that interbedded within and at the base of 
the middle HGR shale and at the base of the lower HGR shale. These do not 
appear to be true coal. The Rock Eval results indicate a type I kerogen whereas 
coals typically contain type III terrestrial kerogen. Further research needs to be 




















Source Rock Analysis (SRA) Data Tables 
 
Table 1. Shows the Rock Eval Pyrolysis data collected for the O’neil Creek Federal 11-






















































































Key Wells Data Table 
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